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Polar Chemistry

Bro + hv => 2Br

Br + O3=>BrO + O,
BrO + hv =>Br + O ‘very fast

Br + Hg => HQgBr “Hg(l) radical precursor to RGM Hg(ll)
HgBr => Hg + Br “Dominates at Temps. >0 C
or

HgBr + X =>HgBrX * X = Br, OH, ...

RGM Hg(ll) formation mechanism rate doubles for every 6 degree C
drop in temperature below 0°C (Goodsite et al., 2004; Holmes et al.,
2006)

Bromine is recycled in the surface snow
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Figure 3. BrO concentrations March 2000. Note concentration gradient over the Bering Strait.



Determination of surface level concentrations of atmospheric mercury ‘ GKSS

FORSCHUNGSZENTRUM

Global Ozone Monitoring Experiment-Instruments = GOME

Institute of Environmental
Physics, University of Bremen

BrO total columns were
obtained during 1999 as part of
the EU GODIVA project and
were generated at the
University of Bremen using the
GDP Level-1 data
(radiometrically calibrated sun
and earthshine spectra).

GOME BrO OCT 1999
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Christian Temme, GKSS Forschungszentrum (May 2000)




from S. Marcy

Mercury Emissions — 1995 (t/y)

 Hg is released
through coal burning,
waste Incineration
and industry

o Stationary fossil fuel
combustion accounts
for 66% of Hg emitted

e |n addition, there are

\
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Gaseous Elemental Mercury

Comprises ~95% of Atmospheric Mercury
Atmospheric lifetime ~6 mo. -1 year
Removed by direct deposition or oxidation

Many natural and anthropogenic sources
(volcanoes, enriched solls, coal
combustion, etc.)



Reactive Gaseous Mercury

Operational defined as mercury collected by a
KCI coated denuder tube

Typically believed to be dominated by Hg(Il)
such as HgCl, , HgBrX

Typically rare in the lower troposphere 1-2 pg/m?
(sub-parts per trillion levels)

Short lifetime (hours) in the near-surface air —
dry deposits quickly (similar to nitric acid)
Water soluble — wet deposits
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South Pole Averages of High VVolume Filters,
Brooks et al. Atmos. Environ. 2008
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Mercury speciation at Summit 2007
GEM - Gaseous Elem Hg, RGM — Reactive Gaseous Hg, FPM - Fine Particulate Hg
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Mercury speciation at Summit 2007
GEM - Gaseous Elem Hg, RGM — Reactive Gaseous Hg, FPM - Fine Particulate Hg
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Ozonepph
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Fluxes

Hg° + Br=>HgBr =>
Reactive Gaseous Mercury,

HgBrX ﬁ
ﬂ Photoreduction

Gaseous Elemental
Mercury, HQ°

W\,

Snow Surface



Hour averages 5/13 - 5/19
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Soluble Br pptv
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Summit Vs. Barrow

Barrow o Summit

BrO 0-40 ppt e BrO 0-5 ppt

Hg° Depletions  Hg° Drops 10%
Surface Oz Depletions e« O3 Drops by 5ppb

Hg In snow released « Hg in snow

to melt water sequestered at depth
Bromine primarily  Bromine primarily
from local sea ice from snow pack
formation recycling



Global Implications

« Barrow and the coastal Polar Regions — Mercury
Is preferentially deposited (net 100-200
tons/year) and is added to the mercury burden in

biota

o Antarctic Polar Plateau — deposited mercury
buried by snow sequesters 60 metric tons per
year at depth (Brooks et al. Atmos Envir. 2008)

e Greenland Ice Sheet — due to more rapid burial
sequesters ~38 metric tons per year

Anthropogenic Emissions are 1500 metric tons/year
Sequestration is total Hg buried below 1m
All US coal combustion emissions are 48 tons/year
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